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Abstract Postoperative renal fail- 
ure is common after liver transplan- 
tation (LT). The aim of this study 
was to investigate peroperative re- 
nal perfusion and postoperative re- 
nal function in 12 patients who un- 
derwent LTwith side-to-side cavo- 
caval anastomosis (SSCCA). Three 
phases were considered during the 
procedure: hepatectomy, the anhe- 
patic phase, and the postreperfusion 
phase (phases 1,2, and 3, respec- 
tively). Mean arterial pressure, IVC 
pressure, and renal perfusion pres- 
sure were significantly higher during 
phase 2 than during phases 1 and 3. 
Cardiac index and pulmonary capil- 
lary wedge pressure did not differ 
significantly during the three phases. 

Creatinine clearance did not signifi- 
cantly decrease postoperatively. We 
conclude that SSCCA is associated 
with both the preservation of renal 
perfusion pressure during the entire 
procedure and the preservation of 
postoperative creatinine clearance. 
It is, moreover, a technique that re- 
sults in a low rate of postoperative 
renal failure after LT. 
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Introduction 
Acute renal failure is a common complication in the ear- 
ly postoperative course of liver transplantation (LT). 
Compromised preoperative renal function, which is fre- 
quent in patients with cirrhosis, has been shown to be a 
major predisposing factor. The occurrence of acute re- 
nal failure restricts cyclosporin administration because 
of its renal toxicity and may sometimes require hemodi- 
alysis [3,10]. In the standardized orthotopic liver trans- 
plantation technique, the retrohepatic inferior vena 
cava (IVC) is removed as part of the recipient hepatec- 
tomy. Thus, the IVC is totally clamped during the anhe- 
patic phase. Decreased venous return, decreased car- 
diac output, increased IVC pressure, and decreased re- 
nal perfusion pressure associated with total IVC clamp- 
ing may contribute to reducing renal perfusion during 
the anhepatic phase. 

A new surgical technique, recently developed at our 
institution and consisting of full preservation of the re- 
cipient’s IVC and side-to-side cavo-caval anastomosis 
(SSCCA) after partial IVC clamping, preserves IVC 
blood flow during the entire procedure [l]. The aim of 
this prospective study was to investigate peroperative 
renal perfusion and postoperative renal function in pa- 
tients undergoing LT with SSCCA. 

Patients and methods 
Twelve consecutive patients (eight males and four females) who 
underwent LT between August 1991 and January 1992, were in- 
cluded in this study. Their mean age was 39years (range 21- 
55 years). Indications for LTwere: alcoholic cirrhosis (n = 2), hepa- 
tocellular carcinoma (n = 2), primary biliary cirrhosis (n = l) ,  pri- 
mary sclerosing cholangitis (n = l),  congenital hepatic fibrosis 
(n = l), Budd-Chiari syndrome (n = l),  cirrhosis of unknown ori- 
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gin ( n  = l),  fulminant hepatitis B (n = l), fulrninant hepatitis of un- 
known origin (a  = l ) ,  and polycystic liver disease (n = 1). The latter 
patient underwent combined liver and kidney transplantation be- 
cause of concomitant polycystic kidney disease. One patient died 
immediately after the procedure because of unexplained ventricu- 
lar arrhythmia leading to cardiac arrest. Another patient died at 
day 16 because of pulmonary aspergillosis. The remaining ten pa- 
tients are currently alive with a mcan follow-up of 20.7 months. 

All patients underwent orthotopic LTwith SSCCA. The surgi- 
cal technique of SSCCA has been described elsewhere [l]. In sum- 
mary, hepatectomy is performed after retrohepatic vena cava dis- 
section with control of the three major hepatic veins and the short 
hepatic veins. Thus, the IVC remains patent during hepatectomy 
and vcnovenous bypass is not necessary. After the recipient's liver 
is removed, a vascular clamp is placed laterally on the anterior 
part of IVC, preserving IVC blood flow during the anhepatic 
phase. A longitudinal cavotomy is performed in both the recipient 
and donor IVC. A side-to-side caval anastomosis is then per- 
formed. Once portal vein anastomosis is completed, blood flow is 
restored by removing caval and portal clamps. 

The mean duration of LTwas 11 h (range 6-15 h). Mean perop- 
erative transfusions were 12.4 packed red cell units (range 0-33) 
and 26 fresh-frozen plasma units (range 12-40). During the proce- 
dure, a pulmonary artery catheter (7 Fr, Edwards Laboratories. Ir- 
vine, Calif. USA), a radial arterial line, and a femoral vein cathe- 
ter were inserted in all patients. The extremity of the femoral vein 
catheter was placed at the level of the infrarenal portion of the 
IVC. Cardiac output was measured in triplicate and the result ex- 
pressed as the mcan value (Thermodilution method, 10 ml of 
room temperature dextrose, Hewlett Packard HP M1012A com- 
put er) . 

Three phases were considered during the transplantation pro- 
cedure: hepatectomy (phase l), the anhepatic phase (phase 2), 
and the postreperfusion phase (phase 3). During each phase, 
mean arterial pressure (MAP), IVC pressure (IVCP), and renal 
perfusion prcssurc (RPP = MAP-IVCP) were recorded every 
5 miii. Moreover, during each phase, cardiac index (CI), pulmo- 
nary capillary wedge pressure (PCWP), and systemic vascular re- 
sistance (SVR) were determined in stable condition. Creatinine 
clearance was calculated according to Cockroft and Gault's for- 
mula (41. Creatinine clearance was calculated preoperatively, at 
the end of each operative phase, at day 0 (before cyclosporin ad- 
ministration), and at days 2: 5 ,  and 10 (after cyclosporin adminis- 

tration in the seven patients who received this drug). The immuni 
suppressive regimen during the first 2 weeks post-transplantation 
included steroids, cyclosporin, and azathioprine in seven patients; 
steroids and azathioprine in four patients; and steroids, antithy- 
mocyte globulins, and azathioprine in one patient. 

Informed consent was obtained from all the patients included 
in this study. 

Results 

All patients underwent peroperative hemodynamic as- 
sessment. However, one patient who died shortly after 
the procedure and one patient who underwent com- 
bined liver and kidney transplantation did not undergo 
creatinine clearance comparison. 

The results of hernodynamic measurements during 
phases 1,2, and 3 are listed in Table 1. A comparison of 
these measurements showed that the mean values of 
MAP and IVCP were significantly higher during 
phase 2 than during phases 1 and 3.  The mean value of 
RPP was also significantly higher during phase 2 than 
during phases 1 and 3.  In contrast, mean values of CI, 

Table 1 Comparison of mcan arterial pressure (MAP), inferior 
vena cava pressure (IVCP), renal perfusion pressure (RPP), car- 
diac index (CI) systemic vascular resistance (SVR), and pulmo- 
nary capillary wedge pressure (PCWP) during phases 1,2, and 3 

Peropci-alive phases 
1 2 3 P 

MAP (mm Hg)a 85 94 82 < 0.001 
IVCP (mm Hg)" 13 19 14 < 0.001 
RPP (mmHg)" 72 74 68 < 0.01 
CI (dyne sec-' . c m 5 )  5.4 4.3 5.9 NS 
SVR (L . mn-I m') 627 817 523 NS 
PCWP (mrnHg) 10 9 11 NS 

a Mean value 
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SVR, and PCWP were not significantly different during 
the three phases. 

Creatinine clearance values determined in the ten 
patients who were considered for creatinine clearance 
comparison preoperatively and postoperatively at 
days 0, 2, 5 ,  and 10 were 83, 76, 91, 110, and 95 ml . 
mn-’, respectively (Fig. 1). Although creatinine clear- 
ance decreased slightly at day 0 postoperatively, these 
changes were not significant. The results of this compa- 
rison are illustrated in Table 1. Cyclosporin was never 
administered earlier than day 1 post-transplantation. In 
the seven patients who were given cyclosporin, the 
mean serum cyclosporin concentrations were 118, 272, 
and 405 ng/ml at days 2, 5 ,  and 10, respectively (poly- 
clonal assay). 

Discussion 

Acute renal failure is a common and severe complica- 
tion of LT [3]. In two studies of patients undergoing LT 
with the classical technique, i. e., retrohepatic IVC re- 
section with total IVC clamping, Taura et al. [12] and 
Shaw et al. [9] showed that CI is significantly decreased 
after total IVC clamping. In some patients, decreased 
cardiac output is associated with severe hypotension, 
and a rapid infusion technique fails to achieve hemody- 
namic stability. In such cases, several studies demon- 
strated that venovenous bypass could restore hemody- 
namic stability [9, 121. Although venovenous bypass 
has been shown to be a safe alternative to restore car- 
diac output and MAP, its protective effects against post- 
operative renal failure in liver transplant recipients re- 
main controversial [5, 8, 9, 121. Furthermore, veno- 
venous bypass, which increases surgical time, can be re- 
sponsible for several complications, such as air embo- 
lism and thromboembolism [7]. 

After IVC clamping, Taura et al. [12] and Merrit et 
al. [8] also showed that the IVCP usually increased up 
to 30 mmHg during the anhepatic phase and, conse- 
quently, that RPP decreased to below 60 mmHg. 

The results of these previously reported series show 
that decreased cardiac output and increased IVCP are 
two major factors of postoperative renal failure in pa- 
tients undergoing LTwith total IVC clamping. Both fac- 
tors account for the reduction in renal perfusion pres- 
sure and renal blood flow. 

On the basis of these findings, our purpose was to de- 
velop a surgical technique that could avoid the hemody- 
namic changes mentioned above. Surgical techniques 
consisting of full preservation of the recipient’s IVC 
have been reported recently [2,11,13]. They are of par- 
ticular interest when small liver grafts are used in larger 
recipients [2]. However, temporary total IVC clamping 
is required and, thus, the potential hemodynamic advan- 
tages of the SSCCA technique are not obtained. 

What is original about the technique developed at 
our institution is that it avoids total IVC clamping and 
preserves IVC blood flow, at least in part, during the en- 
tire procedure. Thus, the main result with SSCCA was 
the preservation of peroperative renal perfusion and 
postoperative renal function. 

The hemodynamic results of this technique are well 
illustrated in our patients since CI and MAP were not 
significantly decreased during the anhepatic phase. The 
same results have been observed by Jones et al. in a se- 
ries of 19 patients undergoing LT with preservation of 
IVC blood flow [6]. It is important to note that none of 
our patients required either venovenous bypass or in- 
tensive vascular loading to obtain hemodynamic stabil- 
ity because none of them had a significant decrease in 
CI or MAP during the anhepatic phase. Thus, the 
PCWP remained within the normal range and the pa- 
tients were not exposed to acute pulmonary edema af- 
ter reperfusion. 

In our patients, IVCP was not significantly increased, 
remaining below 20 mmHg during the anhepatic phase. 
Thus, RPP did not significantly decrease, remaining 
above 60 mmHg during the entire procedure. As a con- 
sequence of the preservation of RPP, creatinine clear- 
ance was not significantly increased postoperatively. Cy- 
closporin administration was found to be an important 
causative factor for early postoperative renal failure 
[5]. In our series, the preservation of postoperative re- 
nal function allowed the early introduction of cy- 
closporin without a significant decrease in creatinine 
clearance. 

While the absence of a control group does not allow 
us to state definitely that SSCCA is superior to veno- 
venous bypass for preserving peroperative renal perfu- 
sion, our results do indicate that partial clamping of the 
IVC, associated with SSCCA, is a safe and effective pro- 
cedure that results in a low rate of early postoperative 
renal failure in liver transplant recipients. 
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